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(71) We, SHELL INTERNATION- 
ALE RESEARCH MAATSOIAPPIJ 
v. v., a company organised under the laws of 
Tlie Nedieriiands, of 30 Caiel van Bylanddaan, 
5 The Hague, the Nedierlands, do heid>y 
dedare the invention, for vMA we pray ifaat 
a patent may be granted to us, and the method 
by ^ch it is to be performfd, to be pardcur 
larly described in and by the following stat»- 

10 ment:— 

The invention concerns a process for die 
preparation of a lubricating oil having a 
dynamic viscosity at — 17.8®C of at most 24 
P and a kinematic viscosity at 98.9*'C of at 

15 least 7.0 cS. 

Accoiding to die SAE dassificatiox^ Itibri- 
eating oils for internal combustion en^nes are 
divided m die basis of their viscosity into two 
groups whidi are designated by die names 

^ winter grade and normd grade. Eadi of diese 
groups is subdivided into a number of classes. 
.Lubricating oils ^ch are classed as winter 
grade are designated by the letter W, preceded 
by a numeral, for example an SAE S W, 

25 SAE 10 W or SAE 20 W oil These oils have 
to sati^ a certain requirement as r^ards their 
dynamic viscosity at — 17.8**C. lubricating 
o3s classed as normal grade axe designated 
mesrdy by a numeral, for example an SAE 

30 20, SAE 30, SAE 40 or SAE 50 oQ. These 
oils must satisfy a certain requirement as 
regards their kinematic viscosity at 98.9®C 
Ld>ricating oils wtddh belong to only one SAE 
dass (ddier of the winter grade or of the 

35 normal grade) pre designated singje-grade 
lubricating oils. Exampl^ of widely used 
sin^e-gtade lubricating oils are SAE 20 and 
SAE 30 oils. In addition to the sin^e-grade 
lubricating oils, lubricating oils are also known 

40 v^ch satiny bodi the viscbsi^ requirement 
ci a dass erf the winter grade and the viscosity 
requirement of a dass of the normal grade. 
When used as motor oil these multigrade 
lubricating oils have die advantage that in 

45 winter they are suffidendy thin to cause no 



difficulties in a cdd star^ and suffidendy diidc 
at die temperature of the running en gine to 
lubricate prc^eriy. An important dass of 
multigrade lubricating oil is die lOW/30 oils. 

Multigzade lubricatii^ oils in the lOW/30 50 
dass can be prepared by incorporating a 
number of additives with quality-improving 
properties into a base oil consisting of a 
lubricating oil or a Wend of lubricating oils 
having a high viscosity index obtained in the 
conventional manner or by hydrocrack|xig, 
which base oil in itsdf does not satisfy the 
lOW/30 ^JcdficaticHL 

llie prepaiaticm of hig}i viscosity index 
lubricatii^ oils in die conventional manner is 
carried out as follows. A paraffinic petrdeum 
crude oil is separated by distillation .at 
atmospheric pressure into a number of distil- 
late fractions (in particular successivdy into 
one or more gasdine;, kerosine and lig^t gas 
on fractions) and a residue (known as long 
residue). This loi^ residue is then sqjarated 
by distillation at miuced pressure into a 
number of distillate fractions (in particular 
successivdy into one or more heavy gas oil, 
spindle oil, li^.madiine oil and mprfiiim 
heavy machine oil fractions) and a residue 
(known as short residue). From the lubricating 
oil fractions obtained in tlie distillation at 
reduced pressure the corre^xknding lubricatii^ 
oils are pitq>ared by refining. The refining of 
die spindle oil firaction, light mflrJii ne oil frac- 
tion and medium heavy madune oil fraction 
is effected by removing aromatics and wax 
firom these fractions. In refining the short 
residue, asi^t is first of all removed from 
die residue. From die deaqihalted oil thus 
obtained, aromatics and wax are subsequently 
removed. The residual lubricating oil prepared 
in this way is designated brigjit stock. The wax 
obtained during refining (rf the various lubri- • 
eating oil fractions is designated distillate or 
residual slack wax, depending on the type of 
lubricating oil fraction from which it is 
derived. 90 
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The lubricadd^^ prqsared in the manner 
described above can be used, eiiher as such or 
after blending, as base cols for ^e preparation 
of lOV/30 oils. The lOW/30 ofls are pre- 
pared by incorporating into the base 
oils a number o[ additives with quality- 
improving properties. These additives may 
be divided into two groups. The first 
grojq) comprises, among other additives, those 
to inhibit oxidation (anri-ojddants), coirosion 
(corrosion inhibitors), the formation of foam 
(anti-foaming agents) and deposits in the 
engine (detergents), as wdl as additives to 
improve the lubricating effect at high pressure 
(eareme pressine additives). The additives 
belon^g to this group generally have a 
molecular weight vMch does not exceed a 
value of 10,000 and is generally far bdow this 
value. The lubricating oil additive packages 
marketed by a numbtt- of manufacturers are 
generally composed of additives of Ais type. 
The incorporation of sudi a lubricating oH 
additive package into a base oil has only a 
slight effect on the viscosity index <rf this oil, 
even if the additive package is used in a rather 
high concentratiozL Depending on tihe com- 
position of the additive package \riiich is incor- 
porated into the oil, the viscosity index of Ae 
oil remains constant^ increases som&wbBX, or 
even decreases sligjitiy. Reference hereinafter 
to "additive package" means a blend of 
lubricating oil additives belonging to the 
above-mentioned first group; a property of 
this blend is that when it is incorporated into 
a base oil in a concentration of 15%, by 
wd^t, the viscosity index of this f onnulatioa 
(85%, by weight, of base oil +15%, by 
weight; of blend) is not more than 10 units 
higher than the viscosity index of the base oil. 
The second group of additives having quality- 
improving prq>erties used in the preparation 
of lOW/30 oils are the polymeric viscosity 
index improvers. The additives in this group 
generally have a mdecular wei^t vAddi ex- 
ceeds a value of 10,000 and is frequentiy far 
in excess of this value. 

The use of polymeric viscosity index im- 
provers for the preparation of the present 
multigrade lubricating oils has serious draw- 
ba^ In the first piac^ die hig^ molecular 
weight compounds (generally polyalkyl 
acxylates and polyalkyl methacrylates) used 
for this puxpose are insuflSdenriy resistant to 
the shearing forces which occur in the engine 
and, moreover, are sensitive to oxidation. As 
a result, the polymers are decomposed in the 
engine and, in addition to fouling of the engine 
by decomposition products, a permanent de- 
crease in the viscosoity of the oil takes place. 
Furthermore, a temporary loss of viscosity 
occurs while the lubricating o9 is being used, 
because the pdymers become oriented under 
the influence of the shearing forces in the 
engine, which leads to reduced internal 
frictioit As die shearing forces increase, the 
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apparent viscositj^jpihe polymer-contaiiiing 
oil approaches that of the polymer-free oil. 

It is dear from the above that there is an 
urgent need for lubricating oils which satisfy 
die lOW/30 specification without the addition 
of a polymeric viscodty ind^ improver. 
Attempts to prepare such oils in the conven- 
tional maimer, i.e. by distillation and refining, 
have not been successful. 

It has now been found that lubricating oils 
^ch satisfy the lOW/30 specification eitiier 
as such or after the addition of an "additive 
package," biit without the addition of a poly- 
meric viscosity index improver, can be pre- 
pared in good yield by catalytic hydroaacking 
of mxy provided that the following require^ 
ments regarding the wax starting material, 
the catalyst, the hydrocracking conditions and 
the workmg-up of the hydrocrackate are met 

The starting material is a wax of which 
more than 30>;, by wei^t;, boils above 520**C 
and which is obtained in the dewaxing of a 
residual mineral oil fraction. 

The hydrpcracking catalyst is a catalyst 
^ich contains nickd sulphide and/or cobalt 
sulphide and in addition molybdenum sulphide 
and/or tungsten sulphide and also fluorine^ 
the catalyst carrier material being alununa. 

The hydrocraddng is carried out at a tem- 
perature between 325 ^^C and 425*C and under 
sudi c(»idition$ the resultant liquid re- 
action product consists of 25 to 95%, by 
weight, of components having a boiling point 
in excess of it00°C. 

The working-up of the hydrocrackate is 100 
effected by separating it by distillation into 
one or more light fractions and a residual 
fraction having an initial boiling point between 
350°C and 470^C and die desired lubricating 
oil is pr^ared from this residual fraction by 
dewaxing. 

Lubricating oUs prq^ared in this manner 
may satisfy the lOW/30 spedficaticm, either 
as such or after the addition of an additive 
padcage^ but without the addition of a poly- 
meric viscosity index improver; and diey may 
be charaaerized as lubricating oils having a 
dynamic viscosity of at most 24 P at — 17,8**C 
(measured according to ASTM standard D 
2602/71) and a kinematic viscosity of at least 115 
7.0, and preferably of at least 8.4 cS at 98.9°C 
(measurwi according to ASTM standard D 
445/71). 

According to the present invention a process 
for the preparation of a lubricating oil, com- 
prises hydrocracking wax of which more than 
30%, by wei^t, boils above 520*^0 and whidi 
is obtained by dewaxing a residual mineral 
oil fraction, said hydrocraddng being effected 
at a temperature between 325*'C and 425*^C 
over a fluorine-containing sulphidic catalyst 
containing on alumma as carrier niAd and/or 
cobalt and molybdenum and/or tui^sten so 
as to form a liquid reaction product, 25 to 
9S%»9 by wdgh^ of vriiich consists of com- 
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point in excess of 
reaction produa by 
distillation into one or more ligjit fractions and 
a residual fraction having an initial boiling 
5 point between SSO^'C and 470°C, and de- 
waxing ±e residual haction to fonn a lubri- 
cating oil having a dynamic viscosity of at 
most 24 P at —n.i^C and a kinematic vis- 
cosity of at least 7.0 cS at 98.9^C 
jQ For the avoidance of any doubt it is noted 
that references herein to "alumina" as carrier 
in the catalysts used in the process of die 
present invention include silica-aluminas. 
The process of the present invention 
J J enables said lubricating oil product to be pro- 
duced in a yidd of at least 15%, by wc^u 
based on the feed wax. The feed wax in the 
process of the inventioa is preferably a wax 
obtained^ in die dewaxing stage in the 
20 preparation of lubricating oil in a cxwi- 
venttonal manner. Before a residual lubri- 
cating oil fraction can be dcwaxsd, 
asphalt first has to be removed there- 
from. Deasi^ting can be carried out by 
25 treating the residual lubricating dl fractioii 
with a low-boiling paraffinic hydrocarbon^ 
such as eth ane, prt>pan^ butane or pentane, 
propane being preferred. Aromatics and wax 
are subsequendy removed from the deas{^ted 
30 oil obtained in this way. The removal of 
aromatics from die deasphalted dl may be 
carried out by treating the deasphalted oil 
widi a selective solvent for aromatic hydro- 
carbons, such as furfural, phenol, cresd, or 
35 CMorex, furfural being preferred. Finally wax 
is removed from the resultant oil, which is 
known as brigjit stock waxy raflSnate. Dewax- 
ing of the oil may be carried out by cooling 
die oil in the presence of a solvent Dewaxing 
40 is preferably carried out with a mixture of 
medijd ediyl ketone and toluene as solvent at 
a tem^eraauB between — lO^^C and — 40*C 
and usmg a solvent-to-oil volume ratio between 
1 to 1 and 10 to 1. The sequence in vAdcb 
45 die removal of aromatics and wax from the 
deasphalted oil takes place is in principle 
arbitrary, but in order to minimize the volume 
of oil wfaidx is cooled during dewaxing, the 
dewaxing should preferably be carried out 
50 after die aromatics have been removed from 
the deasphalted oil. 

The feed wax to the process of the present 
invention preferably contains less than 35 %w 
of ofl. It is also prdFexred that the residual 
55 mineral on traction Irom vMch. the feed wax 
is obtained by dewaxing, is an oil fraction 
which after dewaxing at — 30**C has a vis- 
cosity index of at least 55, and in particular 
at least 70. 

60 The preferred caxalym used in die process 
in accordance witii the present inventiOQ axe 
those which contain 0.025-^.8 gram atoms, 
and in particular 0.(^-^.7 gram atoms, of 
nidcd and/or cobalt and 0.05 — 0.5 gram 

65 atoms, and in particular 0.1 — 0.4 atom% of 



molybdenum and/d^^Igsten per 100 g of 

alumina. The atomic ratio between (a) nickd 
and/or cobalt and (b) mdybdenum and/or 
tungsten is preferal>ly between 0.1:1 and 2:1, 
and in particular between 0.2:1 and 1.6:1. 

The metals may be incorporated by any 
method known in the art for the preparation 
of catalysts containing several components on 
a carrier, for example, by co-impregnation of 
alumina in one or more stages with an aqueous 
sdution containing salts of the metals con- 
cerned. The catalysts are used in the sulphidic 
form. The catal]^ may be sulphided by any 
mediod known m the art for the sulphidadon 
of catalyst^ for example^ by contacting the 
catalyst with a mixture of hydrogen and 
hydrogen sdphide or wiA hydrogen and a 
sulphur-containing hydrocarbon oQ, such as a 
sulphur-containing gas oiL 

The incorporation of fluorine into the cata* 
lysts may in principle be carried out in two 
manners. Fluorine may be incorporated into 
the catalyst by impreganting the latter during 
or after die preparation with a suitable fluorine 
compocmdy such as ammoomm fluoride. It is 
' also possible to incorporate fluorine mto the 
catalyse by in situ fluoridation of die catalyst 
in an eariy stage of die hydrocracking process 
for >x^ch the catalyst is used (for example 
during or after the start-up of die process). 
In situ fluoridation of the catalysts may be 
carried out by adding a suitable fluorine com- 
poui^, such as o-fluoro-toluene or dlfluoro- 
ethane to the gas and/or liquid stream whidi 
is passed over the catalyst. In a number of 100 
cases it may be preferred to incorporate at 
least part of the fluorine into the catal3rst by 
in sim fluoridation. The quantity of fluorine 
contained in the present catalysts is preferably 
0.5 to 7%, by wdgjit. The catalysts ^ch arc 
used in the hydrocracking of the feed wax 
may also contain promoters sudi'as boron and 
{diosphorus. 

In the preparation of lubricating oil by the 
hydrocracking of feed wax according to die 
invention, very favouraWe results arc achievcxl 
by using one of the following catalysts. 
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(a) A catalyst prepa r e d 1^ ihe impr^nation 
of alumina with a sdution containing (a) one 

or more nickel and/or cobalt compounds, (b) 115 
one or more molybdenum and/or tut^sten 
comounds, (c) i^osphate irons and (d) per- 
oxide ions, followed by drying and calcination 
of die impr^natcd alumina, fluorine being 
incorporated eidier during or after the impreg- 120 
nation and said catalyst being sulf^ded before 
use. 

(b) A catalyst prepared by incorporating 
into an alumina hydrogd one or more nickd 
and/or cobalt ccmpounds and one or more 125 
molybdenum and/or tungsten compounds id 

a sufficient concentration to impart a metal 
content^ expressed as metal oxides, of 30 to 
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65%, by vei^^Fto tlie finished catalyst 
followed by diyiiig and calcination of the 
metals-containing hydrogd, fluorine being 
incorporated either during or after fonnation 
of said metals-containing hydrogd and said 
catalyst being suiphidrf before us^ the 
alumina hydr^ into which' the metal com- 
pounds are incorporated being a hydrogd 
^di after drying and caldnatioa yidds a 
xerogd with a compacted bulk density of 0.75 
to 1.6 g/ml and a pore voknne of 0.15 to 
0.5 ml/g. 

(c) A catalyst prepared by treating a com- 
position containing alimiina, water, one or 
more water-soluble salts of nidcd and/or 
cobalt and ase or more water-sdiible salts of 
molybdenum and/or tungsten, wifli a hydrogen 
sulj^de-comaining gas at a tempexatoie bdow 
ISO^'C and snbsequently heating the material 
in a hydrogen-contaming gas to a final tem- 
peratoie in excess of 200**C, die quantity of 
water laesent in the composition which is 
treated with the hydrc^en sulphide containing 
gas corresponding with the quantity of water 
present in the compoation after chying in a 
dry gas at llO^Q increased by 20% co 120% 
of die quantity of water which the driai com- 
position can absorb in the pores of the carrier 
at 20*'C, fluorine being incorporated in said 
catalyst eidier during or after prepaiati(»i 
diereof. 

The catalysts which are used in die hydro* 
craddng of the feed wax prefembly contain as 
catalydcally acdve metal components eidier 
nidcd and mdybdennm or nidcd and tungsten. 

Particularly suitable hydrocracking condi- 
tions for the process of the present invention 
are a pressure of 10 to 250 bar, a space velodty 
of 0.2 to 5 kg of feed per litre of catalyst per 
hour and a hydrogen/feoi ratio of 100 to 5000 
Nl of hydn^ per kg of feed. ITic hydro- 
cracking of the feed wax is picf eiaWy carried 
out under the following conditions: a tem- 
perature of 360^C to 415^0, a pressure of 
25 to 200 bar. a space vdodty of 0.5 to 1.5 
kg of feed per litie of catalyst per hour and 
a hydrogen/feed ratio of 500 to 2500 Nl per 
kg of feed. 

Preferably, the liquid product firom the 
hydrocracking stage comprises 40 to 70%, by 
wdgjit, o£ components having a boiling pomt 
in excess of 400^C and die residual fraction 
has an intial boiling point between 390**C 
and 450**C 

• To prepare a suitable lubricating oil from 
the residual ftacdon the latter is dewaxed. 
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die hydrocrackin^&ctor at least a portion 
of the wax separated during dewaxing of die 
residual fraction. 

The process according to the invention 
enables hibricating oils to be prepared wfaidi 
as such, i.e. without additives having been 
incorporated, meet die lOW/30 specification. 
The imxress according to the invention, more- 
over, enables lubricating oils to be prepared 
which as such do not meet die lOW/30 spedfi- 
cation, hat from whidi m a simple manner, 
without the use of pdymeric viscosity index 
improvers, a lOW/30 ml can be prepared by 
incorporating a certain quantity of an additive 
package. The commercial additive far^ap^ 
sAich are at present used in practice m the 
preparation of multigrade lubricating oUs com- 
prise for example, anri-aridants> rust inhibi- 
tory corrosion irfiibitors, anti-wear agents, 
anti-foam agents, detergents, metal passivatois 
and extreme-pressure additives. 

In some cases, several quantity-imiHxmng 
properties are coinbined in a ^^e additive. 
If the lubricating oils prepared according to 
the invention are intended for tise as motor 
wis, it is advisaUe to incorporate an additive 
padcage, even if the lubricating oil as sudi 
meets die lOW/30 specification. In die pre- 
paration of lOW/30 oils according to die 
invention, it is preferred to incorporate such 
a quanti^ of the additive package into the 
base oil (which may or may not meet the 
lOW/30 specification) that an oil composition 
is obtained ^ch comprises 87.5 to 95%,^ by 
weigjit, of base oil and Syi to 12J%, by 
wdghti of additives. 

The invention is illustrated by the following 
Examples. 

Ei^ catalysts ( A— H) were used in hydro- 
cracking e^eriments to prepare lubricating oil 
from six residual waxes (I— VI). The catalysts 
and feeds are described in more detail bdow* 

CATALYST A: Ni/Mo/F/AlgOa catalyst 
with a pore volume of 0.44 ml/g and a specific 
surface area of 117-1 mVg contaimng 6 parts, 
by wd^xt, of nidcd, 30 parts, by weighty of 
molybdenum and 7J parts, by wdght, of 
fluorine per 100 part^ by wdgh^ of alumina. 
This catalyst had been prepared by co-impreg- 
nation of alumina widi an aqueous solution 
of ammonium molybdate, nickd nitrate and 
ammonium fluoride. After the degree of wet- 
ting had been set at 100%, die composition 
was first treated for 16 hours widi HsS at 15 
bar and 75^C, subsequendy heatjed in 2 hours 
to 400**C in a stream of HaS-containing H2 



Dewmng is preferably carried out by cooling (9% by volume cf H2S, 10 bar, 250C0 m.l'K 
the oil in the presence of a solvent Verv sinV- Jiour-*^ and finaUv kent for annrnrmittMxr 0 



the on m die presence of a solvent Very suit- 
able for this purpose is a mixture of methyl 
ediyi ketone and toluene at a temperature 
between -lO^C and -40**C and a sdvent- 
to-oil volume ratio between 1 to 1 and 10 to 
1. In order to increase die yidd of desii^ 
lubricating oil, it is preferred to req^le to 



JiouT"*) and finaUy k^t for approximately 2 
hours in this gas stream. The expression 
"degree of wetting*' rdatcs to the quantity of 
water present in the composition in addition 
to &e quantity of water which is present 
therdn after drying of the composition in a 
dry gas at 110**C. The degree of wetting is 
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expzessed as a p4|Hage of the quantity of 
water windi the dxied compositiQa can abisozb 
in the pores of the carrier at 20**C 

CATALYST B: Ni/Mo/F/AlzOs catalyst 
with a pore volume of 0^3 ml/g and a specific 
surface area of 63.0 m^/g containing 6 parts» 
by weighty of nidcel> 30 part5> by wd^t^ of 
molybdenum and 7.5 parts, by wd^t^ of 
fluorine per 100 pares hf wet^ of alumina. 
This catalyst was prqiared in the same way 
as catalyst A with t^ exception that in the 
present case another of alumina was 
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CATALYST C: Ni/W/F/AlgOs contain- 
ing 5 parts, by weig^t^ of nickel, 38 parts, by 
weight, of tungsten per 100 parts, by weighs 
of alumina and 2.4%, by weighty of fluorine* 
This catalyst was prepared in the same manner 
as catalysts A and B, with the exception that 
in the i^esent case a fluorine-fiee impr^ation 
liquid was used which contained ammonium 
tungstate and nickel nitrate and that fluorine 
was incorporated into the cata^^ by fluorina- 
tion in situ. 

CATALYST D: Ni/Mo/P/F/AlaOs 
catalyk containing 4.2 parts, by wei^t, of 
nickd, 17.7 parts, by weight, of molybdenum 
and 3.1 parts, by wdg^iit, of {^osj^orus per 
100 parts by wei^t of alumina and 1.6%, by 
weighty of fluorine. This catalyst had been 
prepared by co-impr^nation of alumina with 
an aqueous solution containing nickel nitrate, 
phosphoric acid, ammonium mcdybdate snd 
h]^drogen.peroxidey and subsequent dr3dng and 
calcination of the composition. Ruorine was 
incorporated into the catalyst by fluorination 
in situ. 

CATALYST E: Ni/W/F/AlsO, catalyst 
containing 31 parts, by we^t, dt nickel, 58 
by wei^rt^ of tungsten and 7.5 parts, 
r weighty of fluorine per 100 parts, by wei^^ 
alumina. 

CATALYST F: Ni/W/F/AlsOs catalyst 
containing 31 parts, by wag^t, of nickel and 
58 parts, by weigji^ of tungsten per 100 parts, 
by wd^t, of alumina and 6%, fay wdghi^ of 
fluorine. 

CATALYST G: Ni/W/F/AljOa catalyst 
containing 37 parts, by weighty of nickd and 
70 parts, by wdg^^ of tungsten per 100 parts, 
by wdght, of alumina and 4J%, by wdght, 
(rf fluorine. 

The catalysts £, F and G were prepared by 
mixing an alumina hydrogd with an aqueous 
sdution containing nickd nitrate, ammonium 
tungstate and ammonium fluoride, the pH cS 
which sdution had been brought to 6.5 with 
the aid of 25% of ammonia. The mixture was 
heated to SO'^C; the gd was filtered, extruded, 



dried and caldne<flSKer drying and cald- 
nation, tlie alumina hydrogd used in the 
preparation of these catalysts yidded a 
xerogd with a compacted bulk density 
between 0.75 and 1.6 g/ml and a pose vdume 
between 0.15 and 05 ml/g. 

CATALYST H: Ni/W/F/AlgOs catalyst 
containing 10 parts, by weig}n^ of nickd iod 
60 parts, by wdgbt^ of tungsten per 100 parts, 
by wdght, of alumina and 4.5%, by wdgjit^ 
of fluorine. This catalyst was prepared by co- 
impregnation of alumina widi an aqueous 
solution containing nickd nitrate and 
ammonium tungstate and subsequent drying 
and calcination. Fluorine was incorporated 
into the catalyst by fliK>rinatiQn in-sito. 

In situ flimination of the catal3rsts C, D 
and H was carried out by addmg o-fluoro- 
tduene to the feed during the initial stage of 
^ hydrocracking process. 

FEED I (Bright sXDdk slack wax) 

Wax obtained in dewaxing a residual lubri-* 
eating oil fraction (1) which had previously 
been deasp^ted with propane and extracted 
widi furfuraL Inidal bdling point of the wax: 
520**C Oil content of the wax 19.7%, by 
wei^t The VI of the oil d)tained by de- 
oiling the wax was 97. Sulphur content of the 
K 034%,bywd^t 
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FEED II (DAO sladc wax) 

Wax obtamed in dewaxing a nddual lubri- 
cating oil fraction (1) whidi bad previoisly 
been deasphalted with prq>ane. Initial boiling 
point of the wax: 520°C Oil content of the 
wax: 9.8%, by wdght VI of the oil obtained 
by deoiling the wax: 78. Sulphur concent of 
the wax: 0.85% by wdg^t 

FEED III (Bri^t stock sladc wax) 

Wax obtained in dewaxing a residual lubri- 
cating dl fraction (1) which had previously 
been deasphalted with propane and extracted 
with fuifmaL Initial boiling pomt of the wax: 
520*C Oil content of the wax: 21.1%, by 
wdg^t VI of the oU obtained by de-dling 
die wax: 98. Sulphnr ccmtent of the wax: 
0.66%, by wdgjit. 

FEED IX (Way from hydrocracked bri^t 
stock slack wax) 
Wax obtained by dewaxing a residual 
fraction of a hydrooackate wfaidi had be^ 
prepared by hydrocracking of wax dnained 
by dewaxing a teddual lubricating oil fraction 
(1) which had previously been dea^3halted 
widi propane and extracted with furfural. 
Initial baling point of the feed wax: 390®C 
Of diis wax 92.5%, by weigjit boiled above 
520*^0 Oil content of the feed wax: 6%, by 
wdght. VI of the oil obtained after the feed 
wax had been deoiled: 149. Sulphur concent 
of the feed wax: 20ppmw. 
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FEED V (Wan ■Pom 

stock slack wax) 
Wax obtained by dewaxing a residual 
fraction of a hydrocrac^te y/Mdh had been 
5 prepared by hydrocracking cl wax obtained 
by dewaxing a lesidual lubricating oil faction 
(1) wbith had previously been dea^halted 
with impane and extracted with furfural. 
Initial boiling point of the feed: 520®C. Oil 
10 concent of the feed wax: 7%, by weight VI 
of die (»1 obtained by de-oiling the feed wax: 
ISO. Sulphur content tA the feed wax: 20 
ppmw. 

FEED VI (Wax from mildly hydrocracked 

15 DAO) 

_ Wax obtained by dewaxing a lesidual frac- 
tion of a hsnlrocrackate whidi had been pre- 
pared by mild hydrocracking (hydrocracking 
conditions such that 25%, by weighs of the 

20 hydrocrackate boiled below the initial boiling 
pomt of the DAO feed) of a residual lubri- 
cating oil foaction (1) \riiich had previously 
been deasphalted wtih propane. Initial boiling 
point of the feed wax: 520**G Oil content of 

25 the feed wax: 21%, by weight. VI of the oB 
obtained by de-oiling the feed: 95. Sulphur 
content of the feed wax: 500 pomw. 

The six residual lubricating oO fractions (1) 
from which the feed waxes I — VI vrere pie- 

30 Pfi^ had been obtained as residue in the 
distillation under reduced pressure of atmo- 
spheric distniadon residues of parafinnic crude 
oils. Dewaxmg was carried out by cooling die 



atll^^" 



hydrocracked bright oils to a temperatu!Pff — 30° C in the presence 

of a 1:1 mixture of methyl ethyl ketone and 35 
toluene. 

The viscosity indices referred to herein 
were determined by ASTM standard D 2270. 

ITie hydrocracking cxperimMrts 1—26 were 
carried out under the following conditions: 40 

pressure: 150 bar, except for experiment 7; 
this experiment was carried out at a 
pressure of 50 bar. 
temperature: 375 — ♦lO^C. 
space velocity: 1 l.l-^Jiour-\ 45 
hydrogen/feed ratio: 2000 N1.1-*. 
volume of catalyst bed: 100 ml. 



The catalysts were used in Ae sulphidic 
fonn. Sulphidation of the catalysts D — H was 
carried out by contacting tiiem with hydrogen 50 
and a sulphur-containing gas oil. Diuring h5ndro- 
cracking of feeds IV— IV, butyhnercaptan was 
added to these feeds in an amount sufficient to 
increase the total sulphur content of these 
feeds to 2500 ppmw. Residual fractions having 55 
an initial boiling point between 365''C and 
440*'C were separated from the hydrocracked 
products by (Ustillation. From the residual 
fracdons the corresponding lubricating dls 
were pzqmred doming the fracdons. De> 60 
waxing was carried out by cooling the oil to 
a temperature of — 30*C in the presence of 
a 1:1 mixture of methyl ethyl ketone and 
tduene. 
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The esperidlHf 1— 26 shown in TaUe A 
are all hydroctaddag experiments accoiding to 
the inroition. These experiments yidded at 
least 26%, by wei^ based on die feed, of 
5 a lubricating: oil having a dynamic viscosity 
of at most 24 P at — 17.8®C and a kinematic 
viscosity of at least 7.0 sS at 98.9**C The 
lubricating oils prepared according to experi- 
ments 1—11 meet the lOW/30 specification 
10 (dynamic viscosity at — 17^®C at least 12 P 
and at most 24P and kinematic viscosity at 
98^°C at least 9.6 cSt and at most 12.9 cS) 
as 5uch« Le. without the inccnpoiation of addi- 
tives. 

15 An additive package was tnooipGrated into 
the lubricating oils prepared acccraing to ex- 
periments 12^23 \^dh do not meet the 
10Wy30 spedfication and into the lubricating 
oils prq)ared according to die e2q>eriments 

20 8—11 which do meet the lOW/30 specific 




8 



cation. Two a<fflHfe pacakages were used, 
designated additive package A and additive 
package B. These additive i>ad;ages differ as 
records die chemical compc^tion of the addi- 
tives whidi they contain, but bodi have sub- 
stantially the same ^ects, namely anti-osdda- 
tion, rust inhibition, wear resistance, corrosion 
iiM>ition, foam inhibition, metal passivation, 
improvement of the lubricating effect at high 
pressure and inhibition of deposits in ti^e 
engine. Incorporation of additive package A 
into the lubricating oil yields a lubricating oil 
cwnposition containing 92.5%, by weigji^ o* 
the base oil and 7J%, by wd^t, of the addi- 
tive package. Incorporation additive 
package B into die lubricating oil yields a 
lubricating oil composition containing 89.9%, 
by wei^^ oS the base dl and 10.1%> by 
weigjit, <rf the additive package. The proper- 
ties of the oil compositions prqtared are shown 
in Table B. 
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The results gi^Srin Table B diow that 
lubricating oils pxepaied according to the 
invention which as such do not meet the 
lOW/30 specificatio& (ccsnpare experiments 
5 12—23) may be formulated to lOW/30 oils 
in a simple manner, without the addition of 
the customary polymeric viscosity improvers, 
by the incorporation of the additive package 
A or B. Incorporation of these additive 
10 padi:£^ into a lubricating oil prepared 
accorSng to the invention which as such meets 
the lOW/30 specification (compare experi- 
ments 8—11) yields a lOW/30 oil of better 
quality. 

15 In the process accindmg to the invention 
it is essential for a fluorine-containing sul- 
phidic catalyst to be used \riuch contains nickel 
and/or cobalt and in addition molybdenum 
and/or tungsten on alumina as carrier. Two 

20 hydrocraddng experiments were carried oat 



10 



for comparison. DWhe first experiment a 
fluorine-free catalyst based on alumina was 
used and in the second experiment a fluorine- 
containing catalyst based on dlica-alumina. 
The two experiments are described in more 25 
detafl below. 

COMPARATIVE EXPERIMENT 1. 
A Ni/Mo/P/AlgOs catalyst containing 4.2 
-parts, by wdgjit^ of nickel, 17.7 parts, by 
wei^t, of mdybdenum and 3.1 parts, by 30 
weight, of phosphorus per 100 parts, by 
weight, of alumina (catalyst D without 
fluorine), was used for the hydrooacking of 
feed I under the same conditions as those used 
in experiment 3, with the exception that in 35 
the present case the hydrocraddng temperature 
was 445'*C The lubricating oil was wotfced 
up in the same manner as in experiment 3. 
Table C gives the restdts of comparison ex- 
periment 1 and those of eiq)eriment 3. 40 



TABLE C 



properties of the dewaxed residual 
lubricating oil fraction 



Experiment 



hydrocracking 
temp., °C 



yield 
based on 
feed, %Vf 



VI 



kinematic 
viscosity 
at98.9«C, 
cS 



dynamic 
viscosity 
at -17.8'^ 
P 



comparison 
experiment 1 

experiment 3 



445 
394 



12 
27 



140 
142 



9.1 
9.7 



22 
23 



The results shown in Table C demonstrate 
the unsuitability of the fluorine-free catalyst 
for the present puii>ose. At a hydrocracking 

45 temperature of 394*'C the fluorine-containing 
catalyst gives a lubricating oil yidd of 27%, 
by'wei^t; at a hydrocradking temperature of 
445 ®C (which is outside the scope of the 
piesent invention), the fluorine-free catalyst 

50 gives a luhricatmg oil yield of only 12%, by 
wd^ 

COMPARATIVE EXPERIMENT 2. 
A Ni/W/F/Si02— AI2O3 catalyst contaiur 
ing 9%, by weight, of nickel, 17%, by wei^^ 

55 of tungsten and 2.5%, by weight, of fluorine 
on a carrier which comprised 26%,, by weight, 
dt alumina, the remainder being sUica, was 
used for the hydrocraddng of wax obtained 
in dewaxing a residual lubricating oil fraction 

60 de-asphalted with propane (VI of the de- 
asphalted oil after dewaxing at — 19**C: 77). 
The residual lubricating oil fraction from 
which the wax (DAO slack wax) wsus pre^ 
pared had been obtained in the distillation 

65 under reduced pressure of an atmospheric 
distillation residue of a North African crude 
oil. Dewaxing was earned out by cooling the 



oil to a temperature of — ZV'^C m the presence 
of a 1:1 mixture of methyl ediyl ketone and 
toluene. Hydrocracking of the wax took place 70 
with the use of die catalyst in the sulphidic 
form at a temperamre of 350^*0, a pressure 
of 50 bar, a q>ace velocity of 1 kg.l-^iioui^^ 
and a hydrogen/feed ratio of 150 Nl/kg of 
oiL A residual fraction with an initial boiling 75 
point of 400°C was separated from the hydro- 
cradced product by (ifistillation and dewaxed 
by cooling the oil at a temperature qf 27*'C 
in the presence of a 1:1 mixture of methyl 
ediyl ketone and toluene. Thus, a dewaxed 80 
residual lubricating oil fraction was obtained 
in a yield of 20% by weight, based on feed, 
having a VI of 100, a kinematic viscosity at 
98.9*^0 of 16.9 cS and a dynamic viscosity 
at -17.8'*C in excess of 200 P. 85 

The results of this experiment demonstrate 
the unsuitability of a sflica-alumina based 
catalyst for the present purpose. The viscosity 
of the resultant lubricating oil is outside the 
limits for a lOW/30 oil at both temperatures 90 
and it is impossible to prepare a lOW/30 oil 
frcm the lubricating oil by incoporating an 
additive package. 
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WHAT We3BR"iS:— 

1. A process f^Ve preparation of a lubri* 
eating oil w^A comprises hydnxracking wax 
of which more than 30^4, by weight, boils 

5 above 520^C and which is obtained by de- 
waxing a residual mineral oil fraction, said 
hydrocraddng being effeaed at a temperature 
between 325^*0 and 425°C over a fluorine- 
containing suli^dic catalyst containing on 

IQ alumina as carrier nickel and/or cobalt and 
molybdenum and/or tungsten so as to form 
a liquid reaction product, 25 to 95%, by 
weighty of which consists of components having 
a boiUng point in excess of 4WC^ separating 

IS said reaction product by distillation mto one 
or more light fractions and a residual faction 
having an indal boiling point between 350^C 
and 470** C, and dewaxing the residual fraction 
to form a lubricating oil having a dynamic 

20 viscosity of at most 24 P at — IT.S^'C and a 
kinematic viscosity of at least 7.0 cS at 98.9*'C 

2. A process as claimed in claim 1, in which 
said wax is a wax obtained as by-product in 
die preparation of lubricating ou in a con- 

25 ventional manner. 

3. A process as claimed in claim 1, in which 
said wax is a wax obtained by dewaxing a 
deasphalted readual lubricating oil fcacdon. 

4. A process as claimed in claim 3, in ndiicfa 
30 said deasphalted residual lubricating oil frac- 
tion has had aromadcs removed therefrom. 

5. A process as claimed in any one of claims 
1 — 4, in which said wax contains less than 

^ 35%, by weight, of oil. 

35 6. A process as claimed in any one of 
claims 1 — ^5, in which the catalyst ^cfa is 
used in the hydrocracking of die feed wax, 
contains 0.025 to 0.8 gram atoms of nickel 
and/or cobalt and 0.05 to 0.5 gram atoms of 

40 molybdenum and/or tungsten per 100 g of 
alumina. 

7. A process as claimed in any one of daims 
1 — 6, in vAxich the catalyst which is tised in 
the hydrocracking of the feed wax has an 

45 atomic ratio between (a) nickd and/or cobalt 
and (b) molybdenum and/or tungs^ vriiidi 
is between 0.1:1 and 2:1. 

8. A process as claimed in ai^ one of claims 
1 — 7y in yMdx at least part of the fluorine 

50 has been incorpoirated into said catalyst by in 
situ fluoridation. 

9. A process as daimed in any one of daims 
1 — 8, in which said catalyst contains 0.5 to 
7%, by weigjit, of fluorine. 

55 10. A process as daimed in scay one of 
daims 1 — 9, in wi^ch said catalyst is a catalyst 
prepared by impregnating alumina with a 
solution containing (a) one or more nickd 
and/or cobalt compounds^ (b) one or more 

60 molybdenum and/or tungsten compounds, (c) 
pho^hate ions and (d) peroxide ions, fdlomd 
1^ drying and calcination of die impr^nated 
aluxnina, fluorine being incorporated either 
during or after the impr^ation and said 

65 catalyst bdng sulphided before use. 
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11. A process fl^Pumed in any one of 

daims 1 — 9, in whi^^aid catalyst is a catalyst 
prepared by incorporating into an alumina 
hydrogd one or more nickd and/or cobalt 
compounds and one or more mdybdenum 70 
and/or tungsten compounds in a concentration 
sufficient to impart a metal content, e3q>ressed 
as metal oxides, of 30% to 65%,, by wd^ 
to die finished catalyst, followed by drymg 
and calcination of the metals-containing 75 
hydrogd, fluorine being incorporated dther 
during or after formation of said metals-con- 
taining hydrogd and said catalyst being 
sulphided before use, the alumina hydrogd 
into which the metal compounds are incor- 80 
porated being a hydrogd vMA after dryuag 
and calcination yidds a xerogd having a com- 
pacted bulk density of 0.75 to 1.6 g/ml and 
a pore volume of 0.15 to 05 ml/g. 

12. A process as daimed in ai^ one of 85 
daims 1—9, in whidi said catalyst is a 
catalyst prepared by treating a composition 
containing alumina, water, one or more water- 
soluble salts of nidcd and/or cobalt and one 

or more water-soluble salts of mdybdenum 90 
and/or tungsten, with a hydrogen sulphide- * 
containing gas at a temperature bdow 150*'C 
and sub^uendy heating the material in a 
hydrogen-containing as to a final temperature 
in excess of 200®C, the quantity of water 95 
present in the composition vAiidi is treated 
with the hydrogen sulphide-containing gas 
corresponding with the quantity of water 
present in the composition after drying in a 
diy gas 110**C increased by 20% to IZO^o of 100 
the quantity of water which the dried com- 
position can absorb in the pores of the carrier 
at 20°C, fluorine being incoxponued in said 
catalyst dther during or after piqiaiation 
thereof. 105 

13. A process as daimed in any one of 
claims 1—12, in which the hydrocraddng of 
the feed wax is carried out under the fdlowing 
conditicHis: a pressure from 10 to 250 bar, a 
space vdocity of 0.2 to 5 kg of feed per Utre HO 
of catalyst per hour and a hydrogen/feed ratio 

of 100 to 5000 Nl of hydrogen per kg of feed. 

14. A process as daim^ in claim 13, in 
which the hydrocraddng of the feed wax is 
carried out under the following conditions: a 115 
temperature of 360 to 415^0, a piessuxe of 

25 to 200 bar, a space vdocity of 0.5 to 1.5 
kg of feed per litre of catalyst per hour SLnd a 
hydrogen/feed ratio of 500 to 2500 Nl of 
hydrogen per kg of feed. 120 

15. A process as daimed in any one of 
daims 1—14, in whidi 40% to 70%, by 
weigjit^ of the liquid product of die hydro- 
craddng comprises components having a bofl- 

ing point in excess of 4()0*^Q and in which the 125 
initial boiling point of the residual fraction 
separated ifaerdbom is between 390^C and 
450*»C 

16. A process as daimed in any one of claims 

1 — 15, in whidi the dewaxing of said residual 130 
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fraction is carrie^^V by cooling it to a tem- 
perature between^^lO and — 40*^0 in the 
presence of a mixture of metfa^ etfayl ketone 
and toluene as scdvent^ the solvent-to-iesidtsal 
5 fraction ratio being betnreen 1 to 1 and 10 
to 1. 

17. A process as daimed in any one of 
daims 1 — 16, in vAddi wax sq>arat»i during 
the dewaxing of said residual fracdon is ze^ 

10 cyded to the l^diocxaddng step. 

18. A process as daimed in apy cme of 
daims 1 — 17, in vMdi the lubricating oQ 
product has a kinematic viscosity of at least 
8,4cSat98.9*^Q 

IS 19. A process as daimed in any one of 
daims 1—18, whidi comprises incorporating 
in die lubricating oil product a canvendonai 
additive package containing no polymeric vis- 
cosiiy-index improver(s). 



s^Hiai] 

.5%rby 



12 



20. A process ^pkimed in daim 19, in 20 
which 5% to 12.5 %rby weight, of said addi- 
tive package is incorporated. 

21. A process for the preparation of a lubri- 
cating oil having a dynamic viscosity af at 
most 24 P at — 17.8°C and a kinematic vis- 25 
conty of at least 7.0 cS at 98.9^0, substan- 
tially as described hereinbefore and with 
particular reference to any one of experiments 

1*— 26 ci the examples. 

22. A lubricating oil piiq>aied by the imcess 30 
daimed in any one ci dams 1 — 21. 
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